An important issue in language acquisition is understanding the function of suprasegmental information (e.g., tones) in spoken word recognition. Recent research found that three-year-old monolingual Mandarin learners recognized Mandarin words that were mispronounced using another Mandarin tone. This finding suggests that tone learners may have a tolerance of tone variation in spoken word recognition (i.e., their acceptance of tonally mispronounced words) by three years of age. However, it is also possible that the three-year-olds' tolerance of tone variation in spoken word recognition was merely driven by the children's familiarity with Mandarin tones, since the tone mispronunciations were produced using another Mandarin tone. This study examined whether three-year-old Mandarin learners can recognize words mispronounced using a novel tone that is unrelated to the Mandarin tone system, and whether their word recognition performance differs among words that are correctly pronounced, mispronounced with another Mandarin tone, and mispronounced with the novel tone. Two major findings emerged. First, spoken word recognition was faster on correctly pronounced words than on ABOUT THE AUTHORS
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Language acquisition requires children to understand the function of various types of speech information (e.g., segments, tones). Research on English acquisition has shown that children tend to accept tone variation in spoken word recognition, suggesting that tone has a weak relationship to word identity. Is this finding specific to nontonal languages that do not rely on tones to distinguish word identity? Ma, Zhou, Crain, and Gao (2017a, 2017b) examined Mandarin-learning children's tone sensitivity in spoken word recognition. They found that three-year-old Mandarin learners recognized Mandarin words that were mispronounced using another Mandarin tone, suggesting that tone learners have a tolerance of tone variation in spoken word recognition by three years of age. This study found that threeyear-old Mandarin learners recognized words that were mispronounced using a novel tone that is unrelated to the Mandarin tone system. Thus, this study confirmed the recent discovery that tone acquisition exhibits tone tolerance around age three. mispronounced words. Second, the children recognized the tested words regardless of pronunciation type, revealing a tolerance of tone variation in spoken word recognition. Thus, this study confirmed the recent discovery that tone acquisition exhibits a tolerance of tone variation around age three. In addition, this tolerance is not specific to tone mispronunciations produced using another Mandarin tone. Subjects: Psychological Science; Developmental Psychology; Educational Psychology Keywords: word recognition; language development; tones; Mandarin In speech processing, children are exposed to various types of speech information, including segmental (consonants, vowels) and suprasegmental (e.g., stress, tone) information, which often serve different functions. For example, in English, the segments/f//ɔ//r//b//e//r/produced in such an order form the word "forebear", while the suprasegmental information (e.g., stress, tone, intonation) distinguishes its form class and conveys communicative information such as affect and emphatic stress (e.g., Birch & Clifton, 2002; Cutler, 1986) . Thus, the ability to discriminate lexically relevant speech cues is crucial for language learning. Most of the research on the development of this ability has focused on children learning non-tone languages, such as English and French (e.g., Mani & Plunkett, 2007; Nazzi, 2005; Quam & Swingley, 2010; Swingley & Aslin, 2000 , 2002 White & Morgan, 2008) . However, approximately 70% of the world's languages are tone languages that use both segments and lexical tones (hereafter, tones) to distinguish words (Yip, 2002) , and at least half of the world's population are tone speakers (Fromkin, 1978) . Thus, the large body of evidence and theories on early language development is based on only a minority of languages and language learners, leaving tone acquisition understudied. Understanding tone acquisition is therefore essential for any complete theory of child language development.
An examination of tone acquisition speaks to a major question in language acquisition: Do tones have a weak relationship to word identity? Research on English acquisition found that compared with segments, tones have a relatively weak relationship to word identity (e.g., Quam & Swingley, 2010) . However, English is a non-tone language that does not use tones to distinguish word identity, thus leaving the generalizability of the finding unclear. A major theoretical gap therefore exists in our understanding of the function of tones in defining word identity.
Do tones have a weak relationship to word identity even in tone languages? The current literature on tone language acquisition has often studied Mandarin-the most widely spoken tone language-that uses four basic tones to distinguish word identity (in addition to a fifth, neutral tone that is typically placed on weak syllables- Liu & Samuel, 2004) . Thus, ma can mean mother (T1: high level), hemp (T2: rising), horse (T3: dipping), and curse (T4: falling). Tone perception is therefore crucial for Mandarin acquisition. Tone sensitivity emerges early in infancy. Infants reared in Mandarin as well as Cantonese, a Chinese language that has six tones, could discriminate tones as young as four months of age (Yeung, Chen, & Werker, 2013) . Furthermore, their sensitivity to lexical stress and tones emerged earlier than that to vowels and consonants (Yeung et al., 2013) . Neural responses to tone variation were observed even in newborns (Cheng et al., 2013) . Using Thai tones, Mattock and Burnham (2006) found tone categorization in English-and Mandarin-reared six-month-olds, but this sensitivity only remained at nine months of age in Mandarin-reared children. A similar pattern of perceptual narrowing for tones was observed in French-reared infants (Mattock, Molnar, Polka, & Burnham, 2008) , suggesting that tone sensitivity is influenced by child language environment in the first year of life. However, these finings do not speak to spoken word recognition per se.
Research also examined Mandarin-learning children's ability of mapping tones to labels in word recognition. Singh and Foong (2012) found that Mandarin-English bilinguals start to distinguish words that contrast in tones in Mandarin at 11 months of age. A recent series of research examined tone development in spoken word processing in 2-to 4.5-year-old Mandarin learners (e.g., Ma et al., 2017a; Ma, Zhou, Singh, & Gao, 2017b; Singh, Hui, Chan, & Golinkoff, 2014) , using the mispronunciation paradigm, which is an important approach to studying children's phonological sensitivity (Ballem & Plunkett, 2005; Mani & Plunkett, 2007; Swingley & Aslin, 2000 , 2002 White & Morgan, 2008) . In a typical mispronunciation paradigm, children were shown a target image and a distractor image side-by-side at the same time while the accompanying speech stimuli prompted children to look at one of them (i.e., the target image). Children's word comprehension is measured by their differential visual fixation to the two images in this intermodal preferential looking paradigm (IPLP- Golinkoff, Ma, Song, & Hirsh-Pasek, 2013) . On some of the trials, the target word is correctly pronounced while on other trials the target word is mispronounced. This paradigm is based on the assumption that if children are sensitive to certain phonological information, mispronunciations of the information should compromise the accuracy and efficiency of word recognition (e.g., Bailey & Plunkett, 2002; Ballem & Plunkett, 2005; Havy & Nazzi, 2009; Mani & Plunkett, 2007; Swingley & Aslin, 2000 , 2002 White & Morgan, 2008) .
Using the mispronunciation paradigm within the IPLP, Singh et al. (2014, Experiment 2a) tested the learning of new words in 18-and 24-month-old Mandarin-English bilingual children. The children were first shown two novel objects accompanied by two novel labels (e.g., It is a leng2! [The speech stimuli were presented in Mandarin]). The two objects were then presented side-byside in split screen displays with the accompanying speech stimuli prompting the children to look at one of them. The target word was either correctly pronounced (CP: leng2) or mispronounced with another Mandarin tone (MP: leng4). Both age groups looked at the target images more than the non-target image on CP trials but not on MP trials, suggesting that the 18-and 24-month-old Mandarin learners were highly sensitive to tones in spoken word recognition. However, novel words do not have established phonological representations, potentially rendering tone interpretation ambiguous given that tone changes may serve non-lexical functions as well. Furthermore, the developmental trajectory of tone sensitivity beyond 24 months of age still remains unclear. Research (Singh, Goh, & Wewalaarachchi, 2015) then examined three-and four-to-five-year-old Mandarin-English bilinguals' recognition of familiar words. Using the mispronunciation paradigm within the IPLP, they found that older children had a reduced sensitivity to tones in word recognition compared to younger children.
Was the 4.5-year-old Mandarin-English bilinguals' reduced tone sensitivity reported in Singh et al. (2015) due to their accumulating exposure to English-a none-tone language? Arguing against this possibility are the findings of a recent series of studies on tone acquisition in monolingual Mandarin-learning two and three-year-olds (Ma et al., 2017a (Ma et al., , 2017b . Using an experimental paradigm similar to Singh et al.'s (2014 Singh et al.'s ( , 2015 , Ma and colleagues tested monolingual Mandarin-learning children's tone sensitivity in learning new words (Exp. 1a in Ma et al., 2017b) and found that tone variation hindered word recognition accuracy in the two-year-olds who rejected the tonally mispronounced words; however, tone variation did not hinder word recognition accuracy in the three-year-olds who readily accepted the tonally mispronounced words. These findings suggested that the three-year-olds were tolerant of tone variation in spoken word recognition. This tolerance of tone variation was also observed in familiar word recognition in the three-year-olds (Exp. 2 in Ma et al., 2017b) .
Thus, recent research progress revealed a tone tolerance in spoken word recognition in monolingual Mandarin acquisition at three years of age (Ma et al., 2017a (Ma et al., , 2017b and in Mandarin-English bilingual acquisition at four to five years of age (Singh et al., 2015) , suggesting that tones may have a weak relationship to word identity even in a tone language. One possible explanation to this finding is that pitch variation serves other communicative functions beyond defining word identity in both non-tone (e.g., Banse & Scherer, 1996; Fernald & Kuhl, 1987; van Heuven & Haan, 2002) and tone languages (e.g., Liu & Pell, 2012; Yuan, 2011) . Thus, this tolerance of tone variation may indicate children's growing knowledge of the functional diversity of tones. However, it should be noted that these studies examined children's tone sensitivity using words mispronounced with a wrong but real Mandarin tone. This experimental design leaves one possibility open. Perhaps, the older age group (e.g., three-year-olds in Ma et al., 2017b) accepted tone mispronunciations merely because of their increasing familiarity with the Mandarin tone system, since the tone mispronunciations were produced using another Mandarin tone. Thus, it is still unclear whether the Mandarinlearning three-year-olds' tone variation tolerance is specific to tone mispronunciations produced with another Mandarin tone (i.e., a wrong but real Mandarin tone) or is even observable when tone mispronunciations produced with a tone unrelated to the Mandarin tone system are used. An examination of this issue can verify the recent finding that tone language learners had a tone tolerance in spoken word recognition at three years of age (Ma et al., 2017a (Ma et al., , 2017b . Furthermore, the results allow us to determine the generalizability of the tone variation variability that was originally observed using tone mispronunciations produced using another Mandarin tone.
This study examined monolingual Mandarin-learning 3-year-olds' recognition of familiar words when words were correctly pronounced, mispronounced with another Mandarin tone, and mispronounced with a novel tone unrelated to the Mandarin lexical tone system. If the 3-year-old Mandarin learners indeed have a tone variation tolerance as observed by Ma et al. (2017a Ma et al. ( , 2017b and this tone variation tolerance is not specific to the mispronunciations produced using another Mandarin tones, the children should recognize tone mispronunciations regardless of the relevance of the tones to the mandarin tone system.
Three-year-old monolingual Mandarin learners were tested at Beijing Language and Culture University (BLCU) Kindergarten and Nursery. All children were healthy, had no history of auditory or visual impairments, and did not regularly hear any language other than Mandarin. This study used the IPLP, where children's visual fixation time served as the dependent variable. A mispronunciation paradigm was used, a standardly used experimental paradigm in the investigation of children's phonological sensitivity.
Method

Participants
The participants were 28 three-year-old children (M = 37 months, range = 31-40 months; 14 boys). Two additional children were excluded from the final sample because of inattentiveness (n = 1) and overall side bias (n = 1, looking time on one particular side in the test was greater than 80% of the entire looking time in the test) respectively. Written informed consent was obtained from the parents of all the participants in this study.
Apparatus and stimuli
Participants were tested in a quiet testing booth in the BLCU Kindergarten and Nursery. Participants sat on a blindfolded female research assistant's lap facing a 39 in LED TV monitor at a distance of 1 meter from the center of the screen. Visual stimuli were displayed to the left and right of the screen at eye level. Auditory stimuli were presented through internal speakers within the TV monitor. A hidden camera recorded the children's visual fixation to the display. Video recordings were then coded offline.
Prior to the child study, a female native speaker of Beijing Mandarin produced auditory stimuli in a sound-attenuated recording chamber. Speech stimuli were produced in a child-directed manner (Cooper & Aslin, 1990; Fernald, 1985; Ma, Golinkoff, Houston, & Hirsh-Pasek, 2011; Werker, Pegg, & McLeod, 1994 These words were selected based on five criteria: 1) they are familiar nouns for Mandarin-speaking 3-year-olds based on parental report on the MacArthur Communicative Developmental Inventories (Tardif, Fletcher, Zhang, Liang, & Zuo, 2008) ; 2) they do not begin with certain nasal, lateral, or approximant consonants (i.e.,/j/,/l/,/m/,/n/), which might modulate the pitch contours (Clark, Yallop, & Fletcher, 2007) ; 3) they are open syllable words, since the coda might adapt the pitch contour (Clark et al., 2007) ; 4) they are related to images that are readily presentable through visual displays; and 5) words paired together had the same tone, which ensured that any tone variation used on MP trials had the same tonal distance from the two words. As a result of these constraints, only twelve words were used in this study. The visual stimuli were 12 images for each of the 12 words. To maintain the children's attention, seven slightly different carrier phrases were used, in which the target words occurred in utterance final position (Table 1) . Some of the sentence frames used the generic classifier (i.e., ge4), which is not indicative of the target. Target words were randomly paired with carrier phrases and then synthesized into a unit using Audacity 2.0.3.
To test children's recognition of words mispronounced using a novel tone, we created a risingfalling tone by inverting the tone contour of T3 (Figure 1 ). This novel tone was used because it does not distinguish word identity in Mandarin and it sounds clearly distinct from the four Mandarin tones based on the native speakers of Mandarin who designed this study. Each word was either correctly pronounced, or mispronounced with another Mandarin tone (which is also a real Mandarin word but does not refer to either object on the screen), or mispronounced with the novel tone. Separate one-way ANOVAs showed that the duration, intensity, and average pitch height of the words did not differ among correct pronunciations (CP), mispronunciations with another Mandarin tone (MP-Mandarin), and mispronunciations with the novel tone (MP-novel) ( Table 2) .
To validate our stimuli, 15 adult native speakers of Mandarin were administered an auditory perception task, in which they were asked to identify the tone of the words by marking T1, T2, T3, T4, or unknown. All participants correctly identified the tones of the all the words used in this study, verifying the tone assignment of the speech stimuli used in this study.
Another group of native speakers of Mandarin (n = 25) rated the familiarity of the words used in this study. On each trial, the participant heard one word and was asked to rate its familiarity (1 = not familiar, 7 = highly familiar) as quickly and accurately as possible based on their knowledge of Mandarin words. Average familiarity ratings were calculated for each type of pronunciations. Paired-sample t tests then compared the average ratings across pronunciation types. Results showed that the CP (M = 5.18, SD = 1.19) and MP-Mandarin (M = 5.25, SD = 1.05) words did not differ in familiarity ratings (p = .46). However, the MP-novel words were rated as less familiar Finally, a third group of native speakers of Mandarin (n = 25) rated the perceptual naturalness of the synthesized sentences used in this study. On each trial (28 trials in total), the participant heard one sentence and was asked to rate the perceptual naturalness (1 = not natural, 7 = highly natural) of the transition between the sentence frame and the last word. Again, the average familiarity ratings were calculated for each type of pronunciations. Paired-sample t tests then compared the average ratings across pronunciation types. Results showed that perceptual naturalness ratings did not differ between the CP (M = 4.75, SD = 1.09), MP-Mandarin (M = 4.70, SD = 1.05), and MP-novel trials (M = 4.57, SD = 1.00, p's > .39).
Procedure
The experimental procedure was almost identical to that of Singh et al. (2015) and Ma et al. (2017b -Exp. 2)-a typical procedure used in investigating children's phonological sensitivities in familiar word recognition (e.g., Mani & Plunkett, 2007) . In this mispronunciation paradigm, children saw two images side-by-side for six seconds on each trial, while the onset of the target word began 2633 ms into a trial (e.g., Look! Where is the [target word]?). Since children's responses to the target word were calculated starting from 367 ms after the onset of the target word, this onset divided a trial into two 3-second phases: a pre-target phase and a post-target phase. A significant increase in looking time at the target image across phases indicated understanding of the target word. Removal of responses faster than 367 ms factors in the time taken to launch an eye movement in response to auditory input, which is a typical experimental procedure and data analysis protocols used in the investigation of children's phonological knowledge (e.g., Ma et al., 2017a Ma et al., , 2017b Mani & Plunkett, 2007; Swingley & Aslin, 2000 , 2002 .
An experiment consisted of 28 trials. Words with the same tone were paired together ( ), which ensured that any tone variation had the same tonal distance from the two words. Pictures were yoked in pairs throughout an experimental session for one individual participant. None of the pictures were repeated on consecutive trials. An experiment contained 12 correct pronunciation (CP) trials, 10 MP-Mandarin trials, and six MP-novel trials. The number of trials was determined based on the following design considerations. First, we did not use an experimental design where the number of trials was matched across the three pronunciation types because in such an experiment, children would hear twice as many mispronunciation trials (with the MP-Mandarin and MP-novel trials combined) as correct pronunciation trials. Second, we did not match the number of trials across the two types of mispronunciation because the MP-Mandarin trials were related to more possible pairs of tone changes than the MP-novel trials, since each word may be tonally mispronounced in three different ways (using any of the three wrong tones) on an MP-Mandarin trial but in just one way (using the novel tone) on an MP-novel trial. Thus, the current experimental design was used because 1) it was not predominately biased towards mispronunciation trials and 2) it allows us to test multiple possible pairs of tone change on the MP-Mandarin trials.
Thus, each experiment contained 12 CP trials, each testing one of the 12 words. In addition, there were 10 MP-Mandarin trials, where no target words occurred twice. The 10 MP-Mandarin trials contained all six possible pairs of tone variation for four tones regardless of the order: T1 was mispronounced with T2, T3, and T4; T2 was mispronounced with T3 and T4; T3 was mispronounced with T2 and T4; T4 was mispronounced with T1. Given that this study only had 10 MP-Mandarin trials, we did not test all possible pairs of tone variation (if the order of the two tones in a pair was taken into consideration). Finally, there were six MP-novel trials, where six of the target words were randomly selected and pronounced with the novel tone. These selected words were used for all participants. According to the procedure used in the previous research (Ma et al., 2017b; Swingley & Aslin, 2000) , four stimulus orders were created. The second order mirrored the left/right assignment of the target images of the first; the third and fourth orders reversed the trial order of the first and second orders. Within each stimulus order, no more than two trials of the same pronunciation type (CP, MP-tone, MP-novel) were presented consecutively.
Coding and data analysis
Using SuperCoder (Hollich, 2005) , participants' eye movements were coded frame-by-frame to 1 30 of a second with the audio turned off so that the coder was blind to condition. Recording of 20% of the subjects by another coder yielded an inter-coder agreement of 99%.
Based on the established procedure (Mani & Plunkett, 2007) , data analysis only included the trials in which children had an attention span of more than 20% in both the pre-target and posttarget phases (attention during a phase was less than 20% of the length of the phase) (Quam & Swingley, 2010; Singh et al., 2014) and during which the children fixated on both the target and the distractor in the pre-target phase (Mani & Plunkett, 2007) . Based on these criteria, we excluded 25 trials across all participants. As before, we examined latency and target fixation.
Two dependent variables were used. First, latency (response latency to initiate a shift from the distractor to the target-word recognition efficiency) was calculated starting from 367 ms after the onset of the target word to the time when participants launched their initial target fixation. Based on previously established procedures (e.g., Mani & Plunkett, 2007; Swingley & Aslin, 2000) , only the cases where participants' initial visual fixations were directed to the distractor were analyzed. Second, proportion of time spent fixating the target (target fixation time) was calculated by dividing the length of looking time to the target image by the total length of looking time to the target and distractor images during a test trial. Target fixations of the pre-target and post-target phases were calculated and compared. Response latency and target fixation are measures of efficiency and accuracy of word identification.
Results
Latency
Did latency differ among pronunciation types? Only the trials where the participants' initial visual fixations were directed to the distractor were analyzed. There were three children who did not have latency data for the MP-novel trials because they directed their initial visual fixations to the target on all MP-novel trials. In order to compare latency across the three pronunciation types, the three children were excluded from the relevant data analyses. 70) and than that on the MP-novel trials (M = .88 sec, SD = .51; t(24) = 2.88, p = .008, Cohen's d = .58) ( Figure 2 ). However, latency did not differ between the MP-Mandarin and MP-novel trials (t(24) = .68, p = .50). These findings suggested that word recognition was faster with CP words than with MP words. In addition, the speed of word recognition did not differ between the two types of tone mispronunciations 1 .
To determine if the latency data reported above were merely driven by a small subset of participants who might have directed their initial visual fixations predominately to the distractor, we calculated the number of latency trials for each participant. For the CP trials, on average, the participants directed their initial visual fixations to the distractor on 6.04 trials (SD = .88, range = 5-8). There was only one participant who was two standard deviations (2SD) away from the average by having eight latency trials. For the MP-Mandarin trials, on average, the participants directed their initial visual fixations to the distractor on 4.89 trials (SD = 1.52; range = 2-8, those who had two latency trials (n = 2), those who had eight latency trials (n = 1)). There was only one participant who was 2SD away from the average by having eight latency trials. For the MP-novel trials, among the 25 participants whose latency data were analyzed and reported above, the participants directed their initial visual fixations to the distractor on 3.04 trials (SD = 1.16, range = 1-4, those who had one latency trial (n = 2), those who had four latency trials (n = 9)). Furthermore, there were no participants who were 2SD away from the average. Thus, it is highly unlikely that the latency data reported above were be driven by a small subset of the participants.
Did latency change as the experiment progressed? We divided the trials of each pronunciation type into two equally sized subsets-the earlier trials and the later trials-based on the order of presentation for each participant. Thus, each participant had six earlier CP trials, five earlier MP-Mandarin trials, three earlier MP-novel trials, and the same numbers of later trials for each pronunciation type. For the MP-Mandarin trials, there were two participants (among the 28 participants) who did not have latency data for the earlier trials. For the MP-novel trials, among the 25 participants whose latency data were analyzed and reported above, there were two participants who did not have latency data for the earlier trials and one participant who did not have latency data for the later trials. These children were excluded from the relevant data analyses. Then, for each participant, we calculated the average latency for the earlier and later trials respectively within each pronunciation type. A 2 (Time: earlier, later) x 3 (Pronunciation Type: CP, MP-Mandarin, MP-novel) repeated measures ANOVA on latency revealed only a significant main effect of Pronunciation Type (F(2,38) = 4.06, p = .025, η p 2 = .18),
suggesting that latency differed across pronunciation types. However, neither the main effect of Time (F(1,19) = 2.91, p = .11) nor the Time x Pronunciation Type interaction (F(2,38) = 2.52, p = .09) approached significance, suggesting that latency did not change as the experiment progressed (Table 3 ).
Target fixation (proportion of time spent fixating the target)
Did children recognize the words under the three pronunciation conditions? For each participant, we calculated average target fixation for the pre-target and post-target phases respectively within each pronunciation type. A 2 (Phase: pre-target, post-target) x 3 (Pronunciation Type: CP, MP-Mandarin, MPnovel) repeated measures ANOVA on target fixation revealed significant main effects of Phase (F (1,27) = 111.08, p < .001, η p 2 = .80) and Pronunciation Type (F(2,54) = 12.76, p < .001, η p 2 = .32) and a marginally significant Phase x Pronunciation Type interaction (F(2,46) = 2.77, p = .07). Then, separate paired-sample t tests compared the pre-and post-target target fixations within each pronunciation type. A significant increase in target fixation across phases indicates that the participant has mapped the verbal label onto the visual target. Results showed a significant increase in target fixation across phases on the CP (t(27) = 11.17, p < .001, Cohen's d = 2.11), MP-Mandarin (t(27) = 7.02, p < .001, Cohen's d = 1.33), and MP-novel trials (t(27) = 4.74, p < .001, Cohen's d = .90) respectively, suggesting that children found the target images regardless of pronunciation types (Figure 3 , Table 4 ). Did target fixation change as the experiment progressed? Again, we divided the trials of each pronunciation type into two equally sized subsets-the earlier trials and the later trials-based on the order of presentation for each participant. We calculated the average target fixation for the earlier and later trials respectively within each pronunciation type for each participant. A 2 (Time: earlier, later) x 2 (Phase: pre-target, post-target) x 3 (Pronunciation Type: CP, MP-Mandarin, MP-novel) repeated measures ANOVA on target fixation showed significant main effects of Phase (F (1,27) = 111.74, p < .001, η p 2 = .81) and Pronunciation Type (F(2,54) = 12.71, p < .001, η p 2 = .32).
However, neither the main effect of Time (F(1,27) = .72, p = .40) nor the interactions depending on Time approached significance (the Time x Phase interaction: F(1,27) = .40, p = .84; the Time x Pronunciation Type interaction: F(2,54) = .64, p = .53), suggesting that target fixation did not change as the experiment progressed (Table 5) . Thus, the target fixation of the earlier and later trials was analyzed as combined in the following data analyses. Note: Paired-sample t tests compared the pre-and post-target target fixations within each pronunciation type.
Results showed an increase in target fixation across phases on the CP, MP-Mandarin, and MP-novel trials. In addition, we also compared the target fixation against chance (.50) in the pre-target and post-target phases respectively. Results showed that in the pre-target phase, target fixation did not differ from chance on the CP trials (t (27) Was word recognition more accurate with CP words than with MP words? We examined whether target fixation increased across phases to a greater extent on the CP trials than on the MP trials. For each participant, we calculated the difference in the average target fixation between the pre-and post-target stages within each pronunciation type (post-target phase target fixation minus pre-target phase target fixation). Separate paired-sample t tests found that target fixation increased across phases to a significantly greater extent on the CP trials (M = .25, SD = .12) than on the MP-Mandarin trials (M = .18, SD = .14; t(27) = 2.72, p = .011, Cohen's d = .51), and to a marginally significantly greater extent than on the MP-novel trials (M = .16, SD = .18, t(27) = 2.02, p = .054, Cohen's d = .38; An alpha of .017 was used as the cutoff for significance for three comparisons). However, target fixation increased across phases to a similar extent on the MP-novel and MP-Mandarin trials (t(27) = .48, p = .64). These findings suggest that word recognition was more accurate on the CP trials than on the MP-Mandarin trials, and that word recognition accuracy did not differ between the two types of mispronunciation.
Discussion
This study examined monolingual Mandarin-learning 3-year-olds' spoken word recognition using words correctly pronounced, mispronounced with another Mandarin tone, and mispronounced with a novel tone that is unrelated to the Mandarin word identity. The latency data showed that children recognized CP words faster than MP words, but word recognition speed did not differ between the two types of mispronunciations. The target fixation data revealed that the children successfully recognized the tested words in all the three pronunciation types, supporting the recent finding that 3-year-old monolingual Mandarin learners could be tolerant of tone variation in spoken word recognition (Ma et al., 2017a (Ma et al., , 2017b . Furthermore, target fixation increased across phases to a greater extent on the CP trials than on the MP trials, suggesting that word recognition accuracy was better with CP words than with MP words. However, target fixation increased across phases to a similar extent on the MP-Mandarin and MP-novel trials, suggesting that word recognition accuracy did not differ between the two types of tone mispronunciations.
The current findings demonstrated that the 3-year-old Mandarin learners' tolerance of tone variation in spoken word recognition observed by Ma et al. (2017a Ma et al. ( , 2017b was not specific to tone mispronunciations produced with another Mandarin tone. Thus, this study verified the recent discovery that monolingual tone language learners can be tolerant of tone variation in spoken word recognition at three years of age (Ma et al., 2017a (Ma et al., , 2017b . However, it should be noted that this tolerance of tone variation does not mean that the three-year-old mandarin learners are insensitive to tone variation, since the latency data differed between the CP and MP trials. In addition, tone mispronunciations were associated with a reduced (though still significant) increase in target fixation in spoken word recognition.
Combined with previous findings (Burnham et al., 2011; Quam & Swingley, 2010; Singh et al., 2015) , this tolerance of tone variation in spoken word recognition has been observed across multiple age ranges from toddlerhood to early adolescence, across different tone inventories, in both monolingual and bilingual tone language learners, and across different tone contrasts within a tone language. There are two explanations to this tone tolerance. First, the three-year-old children already have a robust phonological representation of familiar words used in this study, which allowed them to recognize the words even when they were tonally mispronounced. In a mispronunciation paradigmwhich tests tone knowledge on the MP trial where neither of the two images provide an exact match for the label-children may look at the image that is more likely to be the target.
Second, this tolerance of tone variation may be related to children's growing knowledge of the functional diversity of pitch variation. Pitch variation also serves communicative functions beyond distinguishing word identity. For non-tone speakers, pitch variation in intonation draws attention (e.g., Fernald & Kuhl, 1987) , conveys emotional information (Banse & Scherer, 1996) and emphatic stress (e.g., Birch & Clifton, 2002) , and distinguishes questions from statements (e.g., van Heuven & Haan, 2002) . This is also the case in tone languages (e.g., Liu & Pell, 2012; Yuan, 2011) . Although intonation differs from tones, presumably due to the diversity of the functions of pitch variation (a fundamental property of tone), tones may have a weaker relationship to word identity than segments (Quam & Swingley, 2010; Singh et al., 2015 Singh et al., , 2014 . This is supported by recent findings that pitch variation also communicates emotional meaning in music and environmental sounds (Ma & Thompson, 2015) , and that infants' early sensitivity to pitch variation in language and music was found related to each other (Chen, Stevens, & Kager, 2017; Liu & Kager, 2017) . Thus, the three-year-old tone language learners' tolerance of tone variation in spoken word recognition may indicate their acquisition of the knowledge that tones variation may not necessarily indicate a change of word identity in a tone language.
It should be noted that the current study focuses on tone perception, speaking little to the relative function between segments and tones. Research with adult tone language speakers are mixed in their conclusions on the relative role of segments and tones in constraining tone word recognition. While some studies have revealed comparable sensitivity to segments and tones (Liu & Samuel, 2007; Malins & Joanisse, 2010; Schirmer, Tang, Penney, Gunter, & Chen, 2005) , others have suggested greater sensitivity to segments than to tones (Cutler & Chen, 1997; Davis, Schoknecht, Kim, & Burnham, 2016; Hu, Gao, Ma, & Yao, 2012; Repp & Lin, 1990; Taft & Chen, 1992; Tong, Francis, & Gandour, 2008; Wiener & Turnbull, 2016; Ye & Connine, 1999) . Thus, the comparative weight of tones and segments is still an on-going debate, which should be further explored by future research.
Mandarin relies heavily on tones in distinguishing word identity. From this, an important question arises: Are 3-year-olds' tone tolerances an impediment to Mandarin word learning and recognition? This is highly unlikely. Mandarin-learning 3-year-olds are aware of the function of tones in Mandarin (Ma et al., 2017b) . They could use tones to learn novel words in the training when they were offered a minimal pair, differing only in tone and accompanied by two different objects (Ma et al., 2017b) . Thus, their successful use of tones in word learning seems to require additional cues indicating the relevance of the function of tones in the specific task. In addition, a recent study showed that their successful use of tones in learning new words is also related to the properties of specific tones used (Burnham, Singh, Mattock, Woo, & Kalashnikova, 2017) .
Conclusion
This study examined monolingual Mandarin-learning three-year-olds' tone sensitivity in spoken word recognition. We found that the three-year-olds were tolerant of tone change in familiar word recognition when words when pronounced with another Mandarin tone or a novel tone that is irrelevant to Mandarin word identity. The finding verified that Mandarin-learning three-year-olds have a tone tolerance in spoken word recognition.
pre-target and post-target phases respectively within each pronunciation type for each participant. Separate paired-sample t tests compared the pre-and post-target target fixations within each pronunciation type. Results showed a significant increase in target fixation across phases on the CP ( 
